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Abstract
A retrieval code named MARC (Millimetre-wave Atmospheric Retrieval Code)
has been developed for the analysis of a new limb sounding heterodyne instru-
ment named MARSCHALS (Millimetre-wave Airborne Receivers for Spectro-
scopic CHaracterisation in Atmospheric Limb-Sounding). The retrieval performs
a non-linear fit of the observation with a forward model that calculates the radia-
tive transfer in a non uniform atmosphere and takes into account the effects due
to clouds and horizontal gradients. Several new interesting features are present
in the retrieval code, such as: the use of the variance covariance matrix of the for-
ward model errors, which rigorously models the systematic errors reducing their
influence in the total error budget of the retrieved quantities; flexibility in the
retrieval procedure (single target and multi-target, single band and multi-band,
single sequence and sequential fit of several sequences, selection among different
regularisation strategies and among different convergence criteria); a wide vari-
ety of retrievable quantities (atmospheric constituents, horizontal gradients and
instrument parameters); determination of several quantifier of the retrieval qual-
ity (averaging kernel matrix, degrees of freedom, information content, χ2test and
number of macro and micro iteration in the retrieval procedure).
Limb sounding observations can provide the good vertical resolution needed
to study the UTLS (Upper Troposphere - Lower Stratosphere) region. For this
reason, in recent years, several space-borne limb-sounding spectrometers have
been deployed. In this context ESA (European Space Agency) is planning the
development of the MASTER (Millimetre-wave Acquisition for Stratosphere-
Troposphere Exchange Research) millimetre-wave heterodyne spectrometer and
has deployed the MARSCHALS instrument on an aircraft platform. Objective
of the MARSCHALS measurements is to verify experimentally the measurement
capabilities of MASTER in the UTLS region. This objective was pursued by
using the MARC code for the analysis of MARSCHALS measurements.
As first step, using MARC a theoretical retrieval study has been performed.
This study has characterised the measurement capabilities of MARSCHALS in
clear and cloudy sky in terms of accuracy with which the target atmospheric
quantities and some instrument parameters can be determined. Furthermore, it
has been found that in presence of clouds four types of measuring conditions can
be encountered: clouds that do not modify the observation, clouds that are ad-
equately described with an atmospheric continuum absorption model, clouds for
which an error is introduced when the limited vertical resolution of the sound-
ing does not resolve the sharp discontinuity of the cloud distribution and clouds
which require the modelling of scattering effects for a correct retrieval.
On the basis of the results of the theoretical study, MARC has been used to
analyse MARSCHALS measurements obtained during the SCOUT-O3 campaign
held in Darwin (Australia) in December 2005. The results of the analysis have
confirmed the capability of MARSCHALS of performing observations of atmo-
spheric minor constituents in presence of clouds that are opaque to middle infrared
radiation. MARSCHALS measured vertical distributions of temperature, water
vapour, ozone and nitric acid during the whole flight.
Furthermore, with the same code the analysis was also made of the mea-
surements of a Fourier transform spectrometer with uncooled detectors named
REFIR-PAD (Radiation Explorer in the Far InfraRed - Prototype for Applica-
tions and Development) which also operated at a tropical latitude. From these
measurements information about water vapour profile, temperature profile and
surface temperature has been obtained. The residuals of the fitting have been
critically analysed for the search of systematic effects that can be described to
spectroscopic errors. In the REFIR-PAD spectral interval no significant inconsis-
tency is detected between the residuals and the measurement uncertainty, proving
the good quality of the radiative transfer model and of the HITRAN 2004 spec-
troscopic database. Significant difference are instead observed when the HITRAN
2000 database is used.
The developed code provided a robust and reliable analysis of two different
instrument with a comprehensive characterisation of the results and with the
identification of their future potentialities.
This work was performed under ESA-ESTEC contract 16530/02/NL/MM.
